Introduction
Fluorination of carbohydrates is a popular strategy to investigate carbohydrate binding epitopes [1] and enzyme mechanism, [2] or to stabilize glycosidic bonds, [2, 3] and indeed a vast number of fluorinated carbohydrates and their glycosides have been synthesized for these purposes. [4] While the replacement of CHOH with CHF (or CF 2 ) has as main consequence that the hydrogen bond donating capacity at that position is lost, the electronic properties of the remaining hydroxyl groups can also undergo substantial changes. With respect to protein binding, the change in hydrogen bond donating and accepting properties of these alcohol groups could have significant additional effects. While these properties are influenced by the fluorine electronegativity, there are other factors that play a role, such as intramolecular hydrogen bonding of the OH group with the fluorine atom and hyperconjugation effects, both of which depend on relative stereochemistry. [5] With regard to alcohol hydrogen bond acceptor capacity, it is instructive to compare a relevant parameter, pK BHX , which refers to the equilibrium of the acceptor with a standard hydrogen bond donor (p-fluorophenol). [6] Clearly, the hydrogen bond acceptor capacity of the alcohol group in trifluoroethanol 2 is reduced compared to that of ethanol 1 to such an extent that it cannot be considered a hydrogen bond acceptor any more (Table 1) . A similar decrease is seen by comparing ethylamine 3 and 2,2,2-trifluoroethylamine 4. Nevertheless, the pK BHX value for 4 is relatively close to that of 1, so it can be proposed that a β-trifluorinated (or difluorinated) amine is a reasonable mimic for a regular alcohol, if hydrogen bond acceptor properties are concerned. The design of carbohydrate-based analogues with greater affinity to carbohydrate-processing proteins is of interest for use as probes or therapeutics. [7] We have an interest in investigating polyfluorination of carbohydrates as a strategy for increasing the typically low proteincarbohydrate binding affinities. Polyfluorination introduces a hydrophobic moiety, thus causing beneficial hydrophobic desolvation upon binding, [8] yet the individual polar C-F bonds retain the capacity for attractive interactions with electropositive protein residues. [9] The combination of these effects has been coined "polar hydrophobicity". [10] In order to retain chiral alcohol groups in the carbohydrate ring, which were deemed important for binding selectivity, we have focused on the synthesis of sugars containing a medium-size hydrophobic moiety such as 2,3-dideoxy-2,2,3,3-tetrafluorinated carbohydrates, including "tetrafluorinated glucose" (2,3-dideoxy-2,2,3,3-tetrafluoro-D-erythro-hexopyranose) 5 ( Figure 1 ) and -galactose (2,3-dideoxy-2,2,3,3-tetrafluoro-D-threo-hexopyranose) 6. [11] It was shown that these structures retain the conventional carbohydrate shape, [12] and 6 was found to be a weak substrate of the enzyme galactose oxidase. [13] A successful inhibitor of the mycobacterial enzyme UDP-Gal mutase, based on a tetrafluorinated galactofuranose sugar, has been recently reported. [14] Figure 1. Tetrafluorinated sugars with the proposed aminosugar analogues. With the above discussion in mind, the hydrogen bond acceptor capacity of the 4-OH groups in 5 and 6 will be very low, and hence the corresponding tetrafluorinated aminosugars 7, a glucose analogue, and 8, a galactose analogue, became a focus for their synthesis and investigations.
In addition, a further interest in their synthesis stems from the known interesting biological activities of aminosugars and their derivatives, [15] with only a small number of fluorinated aminosugar derivatives reported. [16] Herein we report the synthesis of 7 and 8.
Results and discussion
The synthesis of the 4-aminosugars was envisaged by reaction of the lithiated fluorinated building block B with a chiral glyceraldehyde derived sulfinylimine A. The absolute configuration of the auxiliary was expected to control the configuration of the newly formed chiral centre. [17, 18] The corresponding reactants 9/10 and 11 are known [18] or commercially available. After the addition reaction, diol deprotection and alkene ozonolysis would give the fluorinated aminosugar.
Scheme 1. Retrosynthetic analysis
The plan benefitted from important literature precedence, in that Konno had not only demonstrated that reagent B could be formed and cleanly reacted with electrophiles, but that it also reacted with the sulfinylimine derived from benzaldehyde (a 9:1 diastereomeric ratio was reported). [19] The ozonolysis/pyranose ring formation had also been demonstrated in an efficient synthesis of 2,3-dideoxy-2,2,3,3-tetrafluorinated glucose 5 and galactose 6 by the same group. [20] The synthesis of 7 is shown in Scheme 2. Following Konno's conditions, using the (S)-configured sulfinylimine auxiliary, a 78% yield was achieved for the coupling reaction as a 92:8 mixture of diastereoisomers. However, under these conditions, the limiting reagent is
bromotetrafluorobutene 11, with no less than 2.4 equiv of sulfinylimine used. Given 3 steps are used to obtain the sulfinylimines, we chose to reduce the relative amount of this substrate, in order to increase the isolated quantity of adducts 12/13. Hence, reducing the number of equivalents of 9 to 1.2, a reduced 61% (isolated) yield was obtained for 12/13, in a 4:96 ratio of diastereoisomers, but in a larger absolute quantity than would have been obtained under Konno's conditions. Interestingly, under these modified conditions the formation of a minor byproduct was observed which, despite isolation in pure form was not possible, could be assigned as 14 (~3%, Scheme 3). The presence of the terminal methyl group and the alkene C- Scheme 2. Synthesis of the glucose analogue 7.
Scheme 3. Proposed identity and formation of the byproduct 14. Figure 3 (left). [23] The difference in stereoselectivity of the addition of 11 to 9 or 10 can be explained by the additional influence of the glyceraldehyde stereogenic centre. According to the Cornforth-Evans model of stereoselection [24] (or the polar Felkin Anh model, [25] not shown), the S-glyceraldehyde configuration induces Si-face attack (Figure 3, right) . This is also the imine face that the S-configured sulfinylimine auxiliary makes available for reaction,
according to the open transition state shown. Hence, in the (S,S S ) combination (9), both stereoelements lead to a matched stereoinduction, resulting in a 96:4 ratio of products. In contrast, the stereoinduction in the (S,R S ) combination (10) shows a mismatch, leading to a reduced 88:12 ratio of products.
[26]
Conclusion
The β,β-difluorinated amino moiety is proposed as a mimic for alcohol groups with regard to hydrogen bond accepting capacity. This led to tetrafluorinated aminosugars 7 and 8 as analogues of interest in the context of our investigations involving polyfluorinated carbohydrates.
A short synthesis of these aminosugars is described with the addition of a lithiated tetrafluorobutene building block to a glyceraldehyde sulfinylimine as key step. 
Experimental

(2S,3S,S S )-1,2-Isopropylidenedioxy-3-(tert-butylsulfinylamino)-4,4,5,5-tetrafluorohept-6-ene (12) and (2S,3R,S S )-1,2-isopropylidenedioxy-3-(tert-butylsulfinylamino)-4,4,5,5-tetrafluorohept-
6-ene (13)
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(2S,3S,S S )-3-(tert-Butylsulfinylamino)-4,4,5,5-tetrafluorohept-6-ene-1,2-diol (15) and (2S,3R,S S )-3-(tert-butylsulfinylamino)-4,4,5,5-tetrafluorohept-6-ene-1,2-diol (16)
The 4 
4-Amino-2,3,4-trideoxy-2,2,3,3-tetrafluoro-D-erythro-hexopyranose hydrochloride (7•HCl)
4-Amino-2,3,4-trideoxy-2,2,3,3-tetrafluoro-D-threo-hexopyranose hydrochloride (8•HCl)
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